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Blastocyst Transfer Ameliorates live Birth Rate Compared with 
Cleavage-Stage Embryos Transfer in Fresh In Vitro Fertilisation 
or Intracytoplasmic Sperm Injection Cycles: 
Reviews and Meta-Analysis 

Shan-Shan Wang and Hai-Xiang Sun 

Centre for Reproductive Medicine, The Affiliated Drum Tower Hospital of Nanjing University Medical School, Nanjing, China. 

Purpose: Blastocyst transfer has been recommended to raise the implantation rate 
without affecting the pregnancy rate. The objective of this meta-analysis is to sys- 
tematically evaluate whether the live birth rate and other pregnancy outcomes can 
be improved by blastocyst transfer compared with cleavage-stage embryos trans- 
fer. Materials and Methods: EMBASE and MEDLINE databases were searched 
for papers published between March 2004 and March 2013. An extensive range of 
the electronic databases yielded initially 317 studies from which seven trials met 
the inclusion criteria for further analysis. Our outcome measures were the live 
birth rate, clinical pregnancy rate, implantation rate, ongoing pregnancy rate, mul- 
tiple pregnancy rate, first trimester miscarriage rate and ectopic pregnancy rate. 
Fixed effects models were chosen to calculate the odds ratio (OR). Results: Seven 
trials (n=1446 cases) were finally analyzed. Compared with cleavage-stage embry- 
os transfer, the blastocyst transfer was statistically significantly associated with an 
increase in clinical pregnancy rate [OR 1.43; 95% confidence interval (CI), 1.15- 
1.78], implantation rate (OR 1.38; 95% CI, 1.09-1.74) and ongoing pregnancy rate 
(OR 2.15; 95%) CI, 1.57-2.94), and also a reduction in the probability of first tri- 
mester miscarriage rate (OR 0.51; 95% CI, 0.30-0.87). The improvement in the 
live birth rate was also observed (OR 1.77; 95% CI, 1.32-2.37). Moreover, there 
was no evidence of difference in multiple pregnancy and ectopic pregnancy rates. 
Conclusion: The available evidences suggest that live birth and other pregnancy 
outcomes after fresh in vitro fertilization or intracytoplasmic sperm injection (IVF/ 
ICSI) are significantly improved following blastocyst transfer as compared to 
cleavage-stage embryo transfer. 
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INTRODUCTION 



The transfer of early cleavage-stage embryos on Day 2 or Day 3 is a common prac- 



YONSEIMEDJ HrrP://WVVW.EYIVlJ.ORG VOLUME 55 NUMBERS MAY 20 14 



815 



Shan-Shan Wang and Hai-Xiang Sun 



tice in the assisted reproductive technology (ART) programs. 
However, many embryos can grow successftilly to the blasto- 
cyst stage, allowing embryo transfer on Day 5 or 6 following 
oocyte retrieval. Recently, the blastocyst transfer based on an 
improved culture system has been proven effective for selec- 
tion of embryos, resulting in a higher implantation rate with- 
out affecting pregnancy rate.^ The high implantation rates 
could allow fewer-transferring but higher-quality embryos at 
the blastocyst stage, thus avoiding the risk of multiple preg- 
nancy.^ 

Extending the duration of embryo culture to the blasto- 
cyst stage for ART offers several theoretical advantages 
over the transfer of cleavage-stage embryos. These include 
1) minimizing exposure of embryo to hyper-stimulated 
uterine environment, 2) supplying better physiological syn- 
chronization between embryo stage and the endometrium at 
the time of embryo transfer,^ 3) optimizing selection of em- 
bryos with increased implantation potential, 4) increasing 
the possibility to undergo cryopreservation, and 5) reducing 
uterine contractions, etc. However, blastocysts have certain 
drawbacks. With current techniques, some cleavage embry- 
os do not develop into blastocysts in vitro and some blasto- 
cysts can not be well cryopreserved. Therefore, it is still 
questionable whether the transfer of blastocyst-stage em- 
bryos is beneficial to all infertile patients."^"^ 

Several comparisons have been made recently between 
the benefits of cleavage-stage embryo or blastocyst culture 
and transfers. Most of the studies have proved that the pro- 
longed culture in sequential media has led to a dramatic in- 
crease in the practice of blastocyst fi-eezing, and much high- 
er pregnancy rates. A number of studies summarized in a 
Cochrane review demonstrated a higher pregnancy rate and 
live birth rate after blastocyst transfer than that after cleav- 
age-stage transfer.^ When an equal number of embryos, cul- 
tured in sequential media, were transferred, the summarized 
odds ratio (OR) for a live birth was 1.35 [95% confidence 
intervals (CIs): 1.05-1.74]. Another meta-analysis found a 
similar OR of 1.39 (95% CI, 1.10-1.76).io 

A Cochrane review in 2012 reported that the live birth 
rate was higher in blastocyst transfer than that in cleavage- 
stage embryo transfer, although no evidence of difference 
was found between the two groups in regard with the rates 
of clinical pregnancy and miscarriage.^^ However, the other 
adverse pregnancy outcomes, such as first trimester miscar- 
riage and ectopic pregnancy rates, were not mentioned in 
their reviews, therefore, it is difiicult to comprehensively un- 
derstand the pregnancy outcomes after blastocyst transfer 



through this report. 

As the embryo culture system is becoming stable since 
the year 2004, we aimed to perform a systematic review of 
randomized controlled trials (RCTs) to compare the effec- 
tiveness of equal number of cleavage-stage embryos transfer 
with that of blastocyst transfer on the outcomes of live birth, 
clinical pregnancy, ongoing pregnancy, implantation and 
multiple pregnancy rates. In addition, we used the combined 
dataset of randomized women to investigate the key out- 
comes, such as first trimester miscarriage and ectopic preg- 
nancy rates which were not reported by the relevant previ- 
ous trials. 



MATERIALS AND METHODS 



Search strategy 

As the embryo culture system was becoming stable after the 
year 2004, search strategies included online surveys of data- 
bases (MEDLINE, EMBASE) fi-om March 2004 to March 
2013. The following headings and text strings were used 
singly or in combination: embryo transfer. Day two or Day 
2, Day three or Day 3, cleavage. Day five or Day 5, Day six 
or Day 6, blastocyst, randomized controlled trial, and clini- 
cal trial. There was no language restriction. Joumals and ab- 
stracts from major infertility meetings were also hand- 
searched in an effort to identify any unpublished trials. 

Selection criteria 

Criteria for inclusion/exclusion of the studies were estab- 
lished before the literature search. 

1) The participants comprised subfertile women who un- 
derwent embryo transfer following in vitro fertilization 
(IVF) or intracytoplasmic sperm injection (ICSI), or both, 
with their own gametes or as an oocyte/embryo donation 
recipient. 

2) Only RCTs that compared the clinical effectiveness of 
cleavage-stage embryos with blastocyst transfer were deemed 
eligible for inclusion in the meta-analysis. 

3) The study was considered eligible only if the research- 
ers applied a policy to transfer an equal number of embryos 
in the compared two groups. Embryos were randomized by 
1 : 1 ratio to undergo cleavage-stage embryo or blastocyst 
transfer. 

4) Outcome measures included live birth, clinical preg- 
nancy, ongoing pregnancy, implantation, multiple pregnan- 
cy, first trimester miscarriage and ectopic pregnancy rates. 
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5) RCTs in which women's age >45 years were excluded. 

6) Cleavage-stage transfers versus blastocyst transfers in 
frozen cycles, in which no data were available from the fresh 
cycle, were not considered in this review 

Identification of studies 

A search of the electronic databases yielded 317 relevant 
studies that were assessed for inclusion in this review. In 
the case of duplicate studies, we included only the most 
comprehensive one. 265 studies were found to be potential- 
ly eligible and were subsequently scrutinized. The exami- 
nation of the titles reduced the potentially eligible studies to 
180. After screening the details, 171 studies were excluded 
because they did not compare cleavage-stage embryos 
transfer with blastocyst transfer (n=46), or not RCTs 
(n=125). By this process, studies were further excluded be- 
cause they did not follow a policy of transferring equal 
number of embryos in the two groups compared (n=2). Ul- 
timately, we identified seven trials to our review and meta- 
analysis (Fig. 1).^^"^^ 



beat seen on ultrasound scan divided by the total number of 
embryos transferred. Pregnancy was defined as a positive 
urinary or serum p-hCG result. Clinical pregnancies were 
considered as visualization by ultrasound of a gestational 
sac with fetal pole and fetal heart movements at >6 weeks' 
gestation. Ongoing pregnancies were those pregnancies be- 
yond 10-12 weeks of gestation, at which stage the patients 
were referred out for antenatal care. 

Statistical analysis 

Statistical analysis was performed in accordance with the 
guidelines developed by the Menstrual Disorders and Sub- 
fertility Group (MDSG). The outcomes were pooled statisti- 
cally. Meta-analysis was calculated with Rev Man software 
[version 5.0.16 (2008); The Nordic Cochrane Centre, Co- 
penhagen, Denmark]. Dichotomous data for observational 
studies were expressed as an OR with 95% CI and com- 
bined using Mantel-Haenszel method and a fixed-effects 
model. Chi-square and 12 tests were employed to assess the 
heterogeneity among the studies and to assess the heteroge- 



Data extraction and quality assessment 

Data extraction and assessment of trial quality were per- 
formed independently by two reviewers (Shan-Shan Wang 
and Hai-Xiang Sun). Any disagreement was resolved by dis- 
cussion. A data collection form was used to collect raw data. 
Descriptive tables for study characteristics and outcome data 
for seven eligible studies were generated. For each trial, the 
first author, publication year, joumal title, sample size, type 
of fertilization, inclusion criteria at randomization, ovarian 
stimulation protocol, type of gonadotropin administered, day 
of transfer, blastulation rate, culture media used and relevant 
outcomes (live birth, clinical pregnancy achievement, ongo- 
ing pregnancies, multiple pregnancy, first trimester miscar- 
riage and ectopic pregnancy) were collected. 

Outcome measures 

Our primary outcome measures chosen for meta-analysis 
were the live birth rate per couple, clinical pregnancy rate 
per couple randomized, implantation rate per embryo trans- 
fer and ongoing pregnancy rate per couple. The secondary 
outcome measures included multiple pregnancy rate per 
clinical pregnancy, first trimester miscarriage rate and ecto- 
pic pregnancy rate. 

All outcomes were defined before the literature search 
was undertaken. The implantation rate was defined as the 
result from the number of gestational sacs with fetal heart 



Studies identified through 
database searching 
(MEDLINE) (n=135) 



Studies identified through 
database searching 
(EMBASE)(n=182) 

I 



Records that may be relevant 
to our study (n=265) 



Records retrieved for more 
detailed evaluation (n=180) 



Appropriate RCTs to be 
included in meta-analysis 
(n=9) 



RCTs included in 
meta-analysis (n=7) 



RCTs with usable 
information (n=7) 



Records excluded: 
duplicates removed (n=52) 



Records excluded: after 
screening the titles (n=85) 



Records excluded (n=171): not 
compared cleavage transfer 
with blastocyst transfer (n=46); 
not RCTs (n=l 25) 



RCTs excluded: not 
compared with equal 
quantity (n=2) 



Fig. 1. Flow diagram of the systematic review and meta-analysis. 
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neity beyond chance. An 12 value greater than 50% may be 
considered to represent a substantial heterogeneity. p<0.05 
was considered statistically significant. 



RESULTS 



Study characteristics 

Seven trials fulfilled the inclusion criteria. A total of 1446 
participants were reviewed (blastocyst transfer: n=712; 
cleavage-stage transfer: n=734). The sample size varied be- 
tween studies, with a mean of 206 couples, including both 
cleavage-stage and blastocyst groups per trial. For the cleav- 
age-stage groups, most of the transfers took place on Day 3, 
with the exception of two trials on Day 2.^^'^^ 

The characteristics of the seven studies included in the 
systematic review are presented in Table 1 and 2. Random- 
ization was performed on the moming of embryo transfer 



by computer-generated randomized list, random permuted 
blocks or sealed envelopes. Regarding the policy of the ap- 
plied embryo transfer in the seven studies, two studies ap- 
plied the policy with a maximum of two embryos trans- 
ferred in both groups, one study with a fixed number of two 
embryos (double-embryo transfer), three studies with a 
fixed number of one single embryo transfer (SET), and one 
study with a ratio of 1 : 1 in both groups. Fertilization meth- 
ods included ICSI (n=l), IVF (n=l) and IVF/ICSI (n=5). 
Six trials used sequential media, of which four used Vitro- 
life G1/G2. Only one trial did not state the media used.^^ 

Among the included trials, apart fi-om one report that in- 
cluded women who had 6 follicles a day prior to hCG irre- 
spective of the woman's age, all other trials included women 
with an upper age limit ranging between 35 and 42 years. 
The included women were of good prognosis, i.e. such 
women without a history of triple failed IVF cycles, and 
with one to four good-quality embryos. Criteria for embryo 



Table 1. Design Characteristics of the Studies Included in the Systematic Review and Meta-Analysis 



Studies 


Journal 


Description of study 


Embryo transfer policy 


Outcome measures 


Elgindyetal.'^ 


Reproductive 
BioMedicine Online 


RCT/ computer- 
generated block 
randomization 


1 : 1 ratio to undergo 
Day 3/5 embryo transfer 


Live birth rate 
Clinical pregnancy rate 
Ongoing pregnancy rate 
Multiple pregnancy rate 


Brugnon, et al.^^ 


European Society of 
Human Reproduction 
and Embryology 


RCT/computer 
generated random 
list 


SET-fixed 


Live birth rate 
Clinical pregnancy rate 


Fisch, etal.^^ 


Fertility and Sterility 


RCT 


SET-fixed 


Clinical pregnancy rate 
Ongoing pregnancy rate 


Papanikolaou, 
etal.'= 


The New England 
Joumal of Medicine 


RCT/computer- 
generated 
randomized list 


SET-fixed 


Live birth rate 
Clinical pregnancy rate 
Implantation rate 
Ongoing pregnancy rate 
Multiple pregnancy rate 
First trimester miscarriage rate 
Ectopic pregnancies 


Papanikolaou, 
etal." 


Human Reproduction 


RCT/computer- 
generated 
randomized list 


Double-embryo 
Transfer-fixed 


Live birth rate 
Clinical pregnancy rate 
Implantation rate 
Ongoing pregnancy rate 
Multiple pregnancy rate 
First trimester miscarriage rate 
Ectopic pregnancies 


Kolibianakis, 
etal.'^ 


Human Reproduction 


RCT/computer- 
generated 
randomized list 


Maximum two embryos 


Clinical pregnancy rate 
Implantation rate 
Multiple pregnancy rate 
First trimester miscarriage rate 
Ectopic pregnancies 


Hreinsson, etal.^^ 


Obstetrics & Gynecology 
and Reproductive 
Biology 


RCT/sealed envelopes 


Maximum two embryos 


Clinical pregnancy rate 
Implantation rate 
Multiple pregnancy rate 
First trimester miscarriage rate 
Ectopic pregnancies 



RCT, randomized controlled trial; SET, single embryo transfer. 
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quality differed in the individual trials but generally involved 
visual morphological assessment, in addition to the number 
ofblastomeres. 

Ovarian stimulation protocols were clearly described in 
five trials (Table 2), but not in two.^^'^^ A combination of 
urinary and recombinant follicle-stimulating hormone was 
used in four studies, while in one study this was achieved 
with recombinant gonadotropins. To inhibit the premature 
luteinizing hormone (LH) surge, a long agonist protocol 
was used in one trial. The ovarian stimulation was used in 
other three trials by means of both the long gonadotropin- 
releasing hormone agonist and the antagonist protocol in 
the same study, while a fixed antagonist protocol on Day 6 
was applied in one trial. 

Meta-analysis 



live birth, and is the pregnancy rate adjusted for miscarriages 
and stillbirths. Fig. 2 demonstrates that the live birth rate in 
cleavage-stage embryo transfer group (28%, 117/412) was 
lower than that in blastocyst transfer group (41%, 168/410) 
(4 RCTs, OR: 1.77, 95% CI: 1.32-2.37; /7=0.0001; heteroge- 
neity: p=035; fixed effects model). No heterogeneity was 
detected (F=8%). 

Clinical pregnancy rate per couple 

Large studies showed a high clinical pregnancy rate after 
blastocyst replacement. In this meta-analysis, the probabili- 
ty of clinical pregnancy was significantly higher in the pa- 
tients with blastocyst transfer than those with cleavage- 
stage embryo transfer (7 RCTs, OR: 1.43, 95% CI: 1.15- 
1.78; /?=0.001; heterogeneity: /?=0.07; fixed effects model). 
No heterogeneity was detected (P=48%) (Fig. 3). 



Live birth rate per couple 

The live birth rate is the percentage of all cycles that lead to 



Implantation rate 

The implantation rate, a limiting factor for success, repre- 



TableZ Stimulation and Embryological Characteristics 



Studies 


Fertilization Blastocyst 
method rate (%) 


Ovarian stimulation 


Criteria 


Sample size 


Culture media 


Elgindy, 
etal.'* 


ICSI 


97 


GnRH agonistH- 
rFSHandHMG 


<35 yrs, with regular cycles, 
serum day-3 FSH 
concentration <9.5 IU/1 and 
antral follicle count >6. 
At least four good-quality 
embryos on day 3. 


Day-3: 100 
Day-5: 100 


Sequential 
commercial 
brand 


Brugnon, 
etal." 


IVF/ICSI 


NS 


NS 


<36 yrs, more than 5 oocytes 
were retrieved and 3 top 
quality embryos were 
observed at day 2. 


Day-2: 52 
Day-5/6: 55 


Sequential 
commercial 
brand 


Fisch, 
etal.'^ 


IVF/ICSI 


NS 


NS 


Women <41, with <2 prior 
fresh cycles with at least 
one embryo on day 3. 


Day-3: 8 
Day-5: 12 


NS 


Papanikolaou, 
etal.'= 


IVF/ICSI 


NS 


GnRH antagonist+rFSH 


<36 yrs with first or 
second trial 


Day-3: 176 
Day-5: 175 


Sequential G1/G2 
Vitrolife or 
medicult 


Papanikolaou, 
etal." 


r/F/ICSI 


NS 


GnRH agonist or GnRH 
antagonist+rFSH and 
HMG 


<37 yrs, four embryos >6 
cell on day 3 and <20% 
anucleate fragments. 
First to third trial. FSH on 
day 3 of the cycle <12 lU/mL. 


Day-3: 84 
Day-5: 80 


Sequential G1/G2 
Vitrolife or 
medicult 


Kolibianakis, 
etal.'^ 


IVF 


50.7 


GnRH agonist or GnRH 
antagonist+rFSH and 
HMG 


<43 yrs, no PGD or 
azoospermia 


Day-3: 234 
Day-5: 226 


Sequential G1/G2 
Vitrolife 


Hreinsson, 
etal.'^ 


IVF/ICSI 


33 


GnRH agonist or GnRH 
antagonist rFSH and 
HMG 


When six follicles were 
present prior to hCG 


Day-2: 61 
Day-3: 19 
Day-5: 50 
Day-6: 14 


Sequential 

Mixture 
Vitrolife IVF 

andGl/G2 



ICSI, intracytoplasmic sperm injection; GnRH, gonadotropin-releasing hormone; FSH, follicle-stimulating hormone; HMG, human menopausal gonadotro- 
pin; IVF, in wfro fertilization; NS, not statistically significant; PGD, preimplantation genetic diagnosis; hCG, human chorionic gonadotropin. 
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oLuuy Ui buuyruup 


Blastocyst stage 


Cleavage stage 


vVtiiyiiL \ /of 


Odds ratio 


Odds ratio 


Events 


Total 


Events 


Total 


M-H, Fixed, 95% CI 


M-H, Fixed, 95% CI 


Brugnon2010 


22 


55 


21 


52 


19.2 


0.98 [0.45, 2.13] 






Elgindy2011 


52 


100 


35 


100 


25.0 


2.01 [1.14,3.55] 






Papanikolaou 2005 


38 


80 


23 


84 


17.5 


2.40 [1.25, 4.60] 






Papanikolaou 2006 


56 


175 


38 


176 


38.3 


1.71 [1.06,2.76] 






Total (95% CI) 




410 




412 


100.0 


1.77 [1.32, 2.37] 




♦ 


Total events 


168 




117 








1 


1 1 



Heterogeneity: Chi^=3.27,df=3 (,^0.35); P=8% "-"Loursdeavage ' Favours blastocyst' 
Test for overall effect: Z=3.79 (p=0.0001 ) stage stage 



Fig. 2. Forest plot of comparison: live birth rate per couple. The horizontal bars extending to the right and left of the black circles represent the widths of 95% 
confidence intervals (CIs). The variation in the CIs is a function of different sizes of the samples. M-H, Mantel-Haenszel. 



Study or subgroup 


Blastocyst stage 


Cleavage stage 


Weight (%) 


Odds ratio 


Events 


Total 


Events 


Total 


M-H, Fixed, 95% CI 


Brugnon2010 


23 


55 


24 


52 


10.6 


0.84 [0.39,1.80] 


Elgindy2011 


59 


100 


41 


100 


12.4 


2.07 [1.18,3.64] 


Fisch 2007 


11 


12 


4 


8 


0.3 


11.00 [0.93,130.32] 


Hreinsson 2004 


22 


64 


25 


80 


10.8 


1.15 [0.57, 2.32] 


Kolibianakis 2004 


75 


226 


75 


234 


36.4 


1.05 [0.71,1.56] 


Papanikolaou 2005 


42 


80 


27 


84 


9.3 


2.33 [1.24, 4.40] 


Papanikolaou 2006 


58 


175 


41 


176 


20.2 


1.63 [1.02, 2.61] 


Total (95% CI) 




712 




734 


100.0 


1.43 [1.15,1.78] 


Total events 


290 




237 








Heterogeneity: Chi'=l 1 .47, df=6 (p=0.07); l'=48% 










Test for overall effect: Z=3.23 (p=0.001 


) 











Odds ratio 
M-H, Fixed, 95% CI 



0.01 0.1 

Favours cleavage 
stage 



10 100 
Favours blastocyst 
stage 



Fig. 3. Forest plot of comparison: clinical pregnancy rate per couple. The horizontal bars extending to the right and left of the black circles represent the 
widths of 95% confidence intervals (CIs). The variation in the CIs is a function of different sizes of the samples. M-H, Mantel-Haenszel. 



Study or subgroup 


Blastocyst stage 


Cleavage stage 


Weight (%) 


Odds ratio 


Odds ratio 


Events 


Total 


Events 


Total 


M-H, Fixed, 95% CI 


M-H, Fixed, 95% CI 


Hreinsson 2004 


24 


114 


29 


139 


16.8 


1.01 [0.55,1.86] 






Kolibianakis 2004 


94 


226 


96 


234 


44.9 


1.02 [0.71,1.48] 






Papanikolaou 2005 


59 


158 


35 


170 


17.2 


2.30 [1.41,3.76] 






Papanikolaou 2006 


58 


150 


43 


157 


21.0 


1.67 [1.03, 2.70] 




♦ 


Total (95% CI) 




648 




700 


100.0 


1.38 [1.09,1.74] 






Total events 


235 




203 






1 


1 


1 1 



Heterogeneity: Chi'=8.23, df=3 (p=0.04); l'=64% 
Test for overall effect: Z=2.72 (p=0.007) 



0.01 0.1 

Favours cleavage 
stage 



10 io"o 

Favours blastocyst 
stage 



Fig. 4. Forest plot of comparison: implantation rate per embryo transfer. The horizontal bars extending to the right and left of the black circles represent the 
widths of 95% confidence intervals (CIs). The variation in the CIs is a function of different sizes of the samples. M-H, Mantel-Haenszel. 



sents the capacity of each embryo transferred during this 
period to implant in the uterus and to result in pregnancy 
Fig. 4 showes that the implantation rate of the blastocysts 
(36%, 235/648) was significantly higher than the cleavage- 
stage embryos transfer (29%, 203/700) (4 RCTs, OR: 1.38, 
95% CI: 1.09-1.74; /7=0.007; heterogeneity: p=0.04; fixed 
effects model). 

Ongoing pregnancy rate per couple 
The established positive relationship between morphologi- 
cal embryo integrity and implantation potential in IVF/ICSI 
cycles indicates that the difference in the ongoing pregnancy 
rate is probably due to an embryonic factor. Evidence of a 



significant difference between the two treatment groups was 
found in the ongoing pregnancy rate per couple favoring 
blastocyst culture (4 RCTs, OR: 2.15, 95% CI 1.57-2.94; 
/><0.00001; heterogeneity: p=Q39\ fixed effects model) 
(Day 2 to 3: 27% versus Day 5 to 6: 44%). No heterogeneity 
was detected (F=l%) (Fig. 5). 

Multiple pregnancy rate per clinical pregnancy 
There was no evidence of difference in multiple pregnancy 
per clinical pregnancy between the cleavage-stage embryo 
transfer group (20%, 42/209) and blastocyst transfer group 
(18%, 47/256) (5 RCTs, OR: 0.88, 95% CI: 0.54-1.42; p= 
0.59; heterogeneity: p=039\ fixed effects model). No het- 
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Study or subgroup 


Blastocyst stage 


Cleavage stage 


Vveignt ( /o) 


Odds ratio 


Odds ratio 


Events 


Total 


Events 


Total 


M-H, Fixed, 95% CI 


M-H, Fixed, 95% CI 


Elgindy2011 


52 


100 


35 


100 


31.3 


2.01 [1.14,3.55] 






Fisch 2007 


9 


12 


2 


8 


1.1 


9.00 [1.14,71.04] 






Papanikolaou 2005 


41 


80 


23 


84 


20.4 


2.79 [1.46, 5.34] 






Papanikolaou 2006 


58 


175 


38 


176 


47.2 


1.80 [1.12, 2.90] 




♦ 


Total (95% CI) 




367 




368 


100.0 


2.15 [1.57, 2.94] 






Total events 


160 




98 






1 


1 


1 1 



Heterogeneity: Chi'=3.04, df=3 (p=0.39); l'=l% 
Test for overall effect: Z=4.78 (/xO.OOOOl ) 



0.01 0.1 

Favours cleavage 
stage 



10 100 

Favours blastocyst 
stage 



Fig. 5. Forest plot of comparison: ongoing pregnancy rate per couple. The horizontal bars extending to the right and left of the black circles represent the 
widths of 95% confidence intervals (CIs). The variation in the CIs is a function of different sizes of the samples. M-H, Mantel-Haenszel. 
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Blastocyst stage 


Cleavage stage 


Weight (%) 


Odds ratio 


Events 


Total 
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Total 


M-H, Fixed, 95% CI 


Elgindy2011 


12 


59 


8 


41 


21.3 


1.05 [0.39,2.86] 


Hreinsson 2004 


2 


22 


4 


25 


9.6 


0.53 [0.09,3.19] 


Kolibianakis 2004 


15 


75 


20 


75 


45.2 


0.69 [0.32,1.47] 


Papanikolaou 2005 


18 


42 


8 


27 


15.7 


1.78 [0.64,4.98] 


Papanikolaou 2006 


0 


58 


2 


41 


8.2 


0.14 [0.01, 2.89] 


Total (95% CI) 




256 




209 


100.0 


0.88 [0.54,1.42] 


Total events 


47 




42 








Heterogeneity: Chi'=4.09, df=4 (p=0.39); P=2% 










Test for overall effect: Z=0.54 (p=0.59) 
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Fig. 6. Forest plot of comparison: multiple pregnancy rate per clinical pregnancy. The horizontal bars extending to the right and left of the black circles repre- 
sent the widths of 95% confidence intervals (CIs). The variation in the CIs is a function of different sizes of the samples. M-H, Mantel-Haenszel. 
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Weight (%) 


Odds ratio 


Odds ratio 


Events 


Total 
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Total 


M-H, Fixed, 95% CI 


M-H, Fixed, 95% CI 


Hreinsson 2004 
Kolibianakis 2004 


3 
6 


22 
75 


2 
10 


25 
75 


4.2 
24.1 


1.82 [0.27,12.01] 
0.57 [0.19,1.64] 










Papanikolaou 2005 


12 


42 


11 


27 


25.1 


0.58 [0.21,1.61] 


— ■ — 




Papanikolaou 2006 


14 


58 


20 


41 


46.6 


0.33 [0.14,0.79] 






Total (95% CI) 




197 




168 


100.0 


0.51 [0.30,0.87] 






Total events 


35 




43 






1 


1 


1 1 



Heterogeneity: Chi'=2.77, df=3 (p=0.43); P=0% 
Test for overall effect: Z=2.46 (p=0.01 ) 
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Fig. 7. Forest plot of comparison: first trimester miscarriage rate. The horizontal bars extending to the right and left of the black circles represent the widths 
of 95% confidence intervals (CIs). The variation in the CIs is a function of different sizes of the samples. M-H, Mantel-Haenszel. 



erogeneity was detected (F=2%) (Fig. 6). 
First trimester miscarriage rate 

The most common cause of spontaneous miscarriage dur- 
ing the first trimester is chromosomal abnormalities of the 
embryo or fetus. As shown in Fig. 7, the rate of first trimes- 
ter miscarriage in the cleavage-stage embryo transfer group 
(26%, 43/168) was higher than that in blastocyst transfer 
group (18%, 35/197) (4 RCTs, OR: 0.51, 95% CI: 0.30- 
0.87; /?=0.01; heterogeneity: p=0A3; fixed effects model). 
No heterogeneity was detected (F=0%). 

Ectopic pregnancy rate 

Ectopic pregnancy rate was not significantly different be- 
tween the cleavage-stage embryo transfer group (0.02%, 



3/197) and blastocyst transfer group (0.01%, 2/168) (4 RCTs, 
OR: 1.09, 95% CI: 0.27-4.34; p=0.90; fixed effects model). 
No heterogeneity was detected (P=0%) (Fig. 8). 



DISCUSSION 



Transferring embryos at the blastocyst stage might be the 
most biologically correct stage for embryos in the uterus, 
because embryos in earlier stages are naturally in the fallo- 
pian tube, and the longer culture in the laboratory may give 
the scientist greater ability to select the best quality embry- 
os for transfer. This systematic review and meta-analysis 
demonstrated that blastocyst (Day 5/6) transfer in a fresh 
IVF/ICSI treatment cycle significantly increased clinical 
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Study or subgroup 



Blastocyst stage 
Events Total 



Cleavage stage 
Events Total 



Weight (%) 



Odds ratio 
M-H, Fixed, 95% CI 



Odds ratio 
M-H, Fixed, 95% CI 



Hreinsson 2004 1 22 

Kolibianakis2004 1 75 

Papanikolaou 2005 0 42 

Papanikolaou 2006 1 58 

Total (95% CI) 197 
Total events 3 
Heterogeneity: Chi'=2.00, df=3 (p=0.57); P=0% 
Test for overall effect: Z=0.12 (p=0.90) 



25 
75 
27 
41 
168 



11.3 
12.6 
46.3 
29.7 
100.0 



3.56 [0.14,91.92] 
3.04 [0.12,75.83] 
0.21 [0.01,5.29] 
0.70 [0.04,11.55] 
1.09 [0.27, 4.34] 
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Fig. 8. Forest plot of comparison: ectopic pregnancy rate. The horizontal bars extending to the right and left of the black circles represent the widths of 95% 
confidence intervals (CIs). The variation in the CIs is a function of different sizes of the samples. M-H, Mantel-Haenszel. 



pregnancy, implantation, ongoing pregnancy and live birth 
rates, simultaneously lowering first trimester miscarriage 
rate, in comparison with the equal number of cleavage-stage 
(Day 2/3) embryos transfer in the 7 RCTs. However, no ev- 
idence of difference in the rates of multiple pregnancy and 
ectopic pregnancy, was found between blastocyst and cleav- 
age-stage embryo transfers. 

Blastocyst culture has been associated with higher clini- 
cal pregnancy and live birth rates. ^^"^^ Frattarelli, et al.^^ per- 
formed a randomized controlled trial comparing Day 3 with 
Day 5 embryo transfer. The pregnancy rate was 69.2% for 
Day 5 transfers and 43.5% for Day 3, whereas the live birth 
rate was 57.7% for Day 5 transfers and 38.4% for Day 3. 
Thus, the current meta-analysis provides clinical confirma- 
tion of the above finding: the rate increased 9% clinical 
pregnancies and 13% live births if clinics used blastocyst 
transfer was compared with cleavage-stage embryo trans- 
fer. This could be explained by the synchrony between the 
endometrial and embryo development, thus overcoming the 
alterations in endometrium receptivity abeady induced by 
ovarian stimulation for IVF.^^ 

The comparable implantation rates per developed embryo 
between the two groups showed that the implantation ability 
was obviously improved after blastocyst transfer (36% for 
blastocyst versus 29% for cleavage-stage), and it might be 
attributed to a good physiological adjustment between the 
stage of transferred embryo and the maturity of the endo- 
metrium. The in vivo stimulated endometrial environment 
can not be compared with endometrium in a natural cycle.^"^ 
In addition, progesterone (P) has been highlighted as the 
crucial molecule participating in the induction of this asyn- 
chrony in stimulated cycles.^^ Papanikolaou, et al.^^ report- 
ed that the modest rises of progesterone in the follicular 
phase (P above 1 .5 ng/mL on the day of hCG administra- 
tion) have a detrimental effect on the implantation potential 
of a good quality cleavage-stage embryo. In contrast, pre- 



mature luteinization in the blastocyst group had no effect 
on the pregnancy outcome. 

Miscarriage rate is a critical factor when evaluating a new 
mode of treatment and it has an obvious impact on treat- 
ment efficiency and live birth outcomes. The first trimester 
of pregnancy includes the first 13 weeks after the last men- 
strual period. Most of the spontaneous miscarriages after in 
vitro fertilization and embryo transfer (IVF-ET) occur dur- 
ing this period, which has a direct relationship with the po- 
tential of embryonic development. In line with our observa- 
tions, selecting a blastocyst is more reassuring in terms of 
pregnancy achievement, because the selection is made 
through a cohort of cleavage-stage embryos which have al- 
ready survived the process of initial selection. Therefore, 
they are more likely to implant and are less prone to be 
aborted. In our study, the first trimester miscarriage rate in 
the blastocyst transfer group decreased from 26% to 18% 
compared with the cleavage-stage embryo transfer group. 
The decreased pregnancy miscarriage with blastocyst trans- 
fer points to the important role of uterine receptivity for a 
successftil pregnancy outcome. During the multi-follicular 
ovarian stimulation in IVF, the altered endometrial devel- 
opment was observed as early as the late follicular phase, 
and extended throughout the luteal phase. A cleavage-stage 
embryo might not be able to conquer the defects in endo- 
metrial receptivity.^^ 

Multiple pregnancy, especially triplets or more, is one of 
the most serious issues in assisted reproductive technology 
(ART).^^ There is no doubt that blastocyst transfer is a way 
to eliminate the burden of multiple pregnancy on children, 
due to the decreased number of embryos transferred. How- 
ever, multiple pregnancy rates were not significantly differ- 
ent between groups receiving cleavage-stage embryos and 
blastocysts (20% for cleavage-stage versus 18% for blasto- 
cyst) in the current meta-analysis. In the studies that have re- 
ported the incidence of multiple pregnancy (three or more 
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implanted embryos), the incidence in the groups receiving 
cleavage-stage embryos or blastocysts was not dififerent?^ 

The blastocyst culture may increase the likelihood of se- 
lectively transferring viable and genetically normal embry- 
os. Although the development to the blastocyst stage is not 
a guarantee of chromosomal normality, most embryos that 
fail to continue to develop in extended culture show multi- 
ple aneuploidies.^^ Some investigators have shown that em- 
bryos up to 60% in the top quality cleavage-stage might be 
aneuploid, whereas this percentage might reach to 30% in 
the top quality blastocysts.^^ The accumulating evidence 
suggests that embryos on Day 5 carry a lower risk of being 
aneuploid, thereby increasing a patient's chances of achiev- 
ing an ongoing pregnancy. In this meta-analysis, ongoing 
pregnancy rate per couple was significantly raised from 
27% (Day 2/3) to 44% (Day 5/6). Prolonging the duration 
of culture to Day 5 may allow chromosomally competent 
embryos to develop into the blastocyst stage and permit se- 
lecting the embryos that have a potential of continuing de- 
velopment under embryonic genomic control.^^ 

Ectopic pregnancy has been reported to occur in approxi- 
mately 2-5% of all clinical pregnancies after IVF cycles.^^ 
Studies showing the decreased uterine contractility further 
along in the luteal phase would imply that the ectopic preg- 
nancy rates should be reduced after a blastocyst transfer 
compared to a cleavage-stage transfer.^"^ The blastocyst with 
a large-diameter was proposed as an additional factor in re- 
ducing the rate of tubal pregnancies following Day 5 trans- 
fer.^^ Even though these findings suggest an association of 
blastocyst transfer with a lowered ectopic pregnancy risk, 
our study failed to show such a trend. It is possible that 
when a blastocyst is transferred, it does indeed have a low 
probability of entering the fallopian tube to implant there. 

The introduction of the sequential culture media has been 
suggested to improve blastocyst cultures, because they were 
designed according to the metabolic requirements of em- 
bryos at different stages of development.^^'^^ The sequential 
media for the culture of blastocysts are used for all of the tri- 
als included, except the report fi-om Fisch, et al.^^ The rate of 
blastocyst formation may also influence the pregnancy rate 
per embryo transfer in each trial. They ranged fi-om 33%^^ to 
97%.^^ Some studies in which sequential media were avail- 
able found a dramatic increase in the practice of blastocyst 
freezing, much higher pregnancy and live birth rates.^^ 

There are several potential risks of blastocyst transfer. 
The lack of accepted criteria for predicting blastocyst de- 
velopment increases the risk of having no embryos to trans- 



fer despite observations of adequate development in vitro on 
Day 2/3, and reduces the embryo fi-eezing rate. The number 
of embryos fi-ozen is an important factor to evaluate the ef- 
fectiveness of a treatment, because it offers an additional 
opportunity for patients to achieve pregnancy. Assessing 
the embryo quality at different stages could help determine 
the embryos with the best potential for implantation.^^ In 
the present study, embryo quality on Day 3 did not have 
any influence on the pregnancy rate of Day 3 transfers. On 
the contrary, however, if there was no good embryo on Day 
3, the embryo quality would have a great impact on the 
pregnancy rate of Day 5 transfers. Coskun, et al.'^^ reported 
that the lack of good quality embryos on Day 3 resulted in 
no pregnancy for Day 5 transfer (versus 33% pregnancy for 
Day 3 transfers). In these studies, criteria for embryo quali- 
ty differed but generally involved one to four good-quality 
embryos on Day 3, therefore, the clinical pregnancy and live 
birth rates were extremely high in blastocyst transfer on Day 
5/6. In fact, it has been proposed to combine pronucleate em- 
bryo scoring with blastocyst culture, in order to determine 
which embryos grow into blastocysts in vitro^^ Moreover, 
the chance of blastocyst transfer has been shown to depend 
on the number of oocytes retrieved rather than age."^^ 

The transfer of good quality blastocysts selected by using 
objective methods will be a central part of IVF treatment in 
the years to come. Compared with other previous study, the 
present review is in agreement with a systematic review 
published by Glujovsky, et al.^^ who reported that the live 
birth rate was higher in blastocyst transfers than in the cleav- 
age-stage embryos. Due to higher rates of frozen embryos 
obtained from the cleavage-stage protocols, cumulative preg- 
nancy rates significantly favoured cleavage-stage transfer. 
Furthermore, their review showed no evidence of differ- 
ence in the clinical pregnancy rate and miscarriage rate be- 
tween the two groups, whereas the clinical pregnancy rate 
and first trimester miscarriage rate were drastically higher 
in our review's blastocyst transfer group. The current meta- 
analysis also includes implantation, ongoing pregnancy and 
ectopic pregnancy rates, comprehensively illustrating that 
the pregnancy outcomes after fresh IVF/ICSI are strikingly 
improved following the blastocyst transfer. 

The relative weakness of the current meta-analysis is that 
the natural evolution of embryo transfer policies is intema- 
tionally towards single embryo transfer; however, only three 
studies in this meta-analysis had a policy for single blasto- 
cyst transfer. Consequently, more large-scale RCTs de- 
signed to evaluate the pregnancy outcomes after single 
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blastocyst transfer, would be needed to further strengthen 
this conclusion. Furghermore, cost comparisons of treat- 
ment have not been investigated in this review, neverthe- 
less, are noteworthy. Often, an additional incubator is re- 
quired due to additional 2-3 days during which the embryos 
remain in culture. Blastocyst culture is much labour inten- 
sive, and laboratory staff may be required to perform more 
weekend work, particularly if the embryos from two differ- 
ent stages of development are required to be cryopreserved. 
For patients, a higher chance of cancellation of the treat- 
ment cycle prior to embryo transfer may result in a lower 
treatment cost. Therefore, it is necessary to carry out multi- 
centre randomised trials with follow-up assessment, in which 
both clinical effectiveness and cost effectiveness should be 
included. 

In conclusion, on the basis of evidence provided by the 
randomized studies available, blastocyst transfer seems to 
be an efficient method to improve the live birth rate. Addi- 
tionally, less blastocyst transfer might reduce the multiple 
pregnancy rate whilst maintaining pregnancy success. 
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